Abstract. This study investigates the properties of blends made from low density polyethylene (LDPE) with various levels of thermoplastic soya spent powder (SSP). The thermoplastic TPSSP content was varied from 5 to 20wt % whereas epoxidised natural rubber with 50 mol % (ENR 50) act as compatibilizer to improve the interfacial adhesion between low density polyethylene and thermoplastic TPSSP. The effect of the addition of ENR 50 on the LDPE/thermoplastic TPSSP was measured by using tensile test and thermal behaviour. The tensile strength and elongation at break (E b ) decreased with increasing TPSSP content. However, the addition of ENR 50 resulted in the increment of tensile strength and E b LDPE/TPSSP blends.
Introduction
Nowadays, the disposal of plastic waste is the serious environmental issues that still meet the dead end. Most of the solid waste is contributed by petroleum based plastic such as polyethylene (PE), polypropylene (PP), polystyrene (PS) and polyvinyl chloride (PVC). Apart from that, 40 % of the plastic used in the packaging application is from polyethylene [1] . Polyethylene is not biodegradable since it is one type of synthetic polymer which is highly hydrophobic and having high molecular weight. In the present studies of biodegradability of PE, the researchers have jump into conclusion that the number of bacteria that can degrade PE is based on its molecular weight [2] . They defined the high molecular weight PE were not biodegraded since it comprises of many braches that hardly to break down.
By introducing a natural polymer into the non-degradable plastic, a low cost of degradable polymer can be produced [3] . But most of the researches focus on the starch that rich in polysaccharide [4] . In contrast, there is only few studies incorporation of the soya products in the biodegradable polymer [5] . Soy spent powder was used blends with low density polyethylene (LDPE) in this study.Soya protein-based polymer is another potential natural polymer other than starch-based biodegradable natural polymer. Soya powder is an abundant biomaterial whereas it is the remaining after the removal of soy oil. So, the cost is cheaper than soya protein isolate and soya protein concentrate [6] . Since it is hydrophilic in nature, it is incompatible with hydrophobic polyolefin such as polyethylene.
Most of the polymer blends are immiscible and it is proven by the appearance of two distinct phases. In fact, the polymeric segment or chain mobility in the blends is depends on the degree of incorporation at the right blending conditions when the two polymers come into contact [7] . Thus, compatibilizer is introduced to improve the physical properties for any immiscible blends [8] .
Compatibiliser is added to immiscible blends to modify their interfacial properties and stabilizes the melt blend. Addition of the ENR 50 has improved the thermal and mechanical properties of LLDPE/ soya powder blends by the previous researcher [3] .
In the research, epoxidized natural rubber with 50 mol% epoxidation (ENR 50) is used as the compatibiliser for polyethylene and thermoplastic soya spend powder (TPSP) blends. The tensile properties of the specimens were investigated.
Experimental Materials
The LDPE was supplied by Polyethylene Malaysia Sdn.Bhd. Soya powder with a melt flow index of 1.0 g (10 min) -1 was purchased from Hasrat Bestari (M) Sdn. Bhd. The average granular size was 12 µm with an average protein content of 60 %. ENR 50 was supplied by Rubber Research Institute of Malaysia (Kuala Lumpur, Malaysia). Glycerol was purchased from Sigma-Aldrich Sdn.Bhd.
Preparation of TPSS
Soy spent powder was dried in a vacuum oven for 24 h at 60°C. TPSS was prepared by premixing soy spent powder with 35 wt% liquid glycerol in a blender with an amount of 150 g. The mixture was mixing for 5 minutes and stored in a drying cabinet for 24 h at room temperature. After 24 h, the mixture was melt-mixed again using heated two-roll mills at 120°C for 10 min.
Preparation of LDPE/ TSSP blends
LDPE was blended with TPSS, varying the soya powder content between 5 and 20 wt%. The concentration of ENR 50 was 30 wt% based on TSSP content. A Haake Reodrive 5000 internal mixer was used in blending purpose with the operating temperature around 150 °C and maintaining rotor speed of 50 rpm. The ratio of blends is shown in Table 1 . LDPE/ TSSP blends were compression molded by using a hot press. The hot press temperature was 150 °C. Then, the moulded samples were cut into dumb-bell shapes according to ISO 527. 
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Tensile Properties
Tensile specimens were cut from each sheet according to ASTM D638. Tensile tests were performed using an Instron Universal Testing Machine at a crosshead speed of 50mm/min. Five samples were tested and the averages were taken. Two parameters were measured:
i. Tensile strength ii. Elongation at break (E b )
RESULT AND DISCUSSION Figure 1 shows the effect of various TSSP loading on the tensile strength of uncompatibilized and compatibilized LDPE/ TSSP blends. It shows that the addition of TSSP reduced the tensile strength for both uncompatibized and uncompatibilized blends. This is due to incompatibilisation hydrophobic behaviour of LDPE and hydrophilic of TSSP. However, the opposite trends can be observed in the elongation at break in Figure 2 . When ENR 50 was added to the blends, the tensile strength and elongation at break (E b ) of the blends reduced. The reason of E b reduced is that the blends lack of compatibility between LDPE and TSSP with the addition ENR 50 as compatibilizer. 
CONCLUSION
The mechanical and morphology surface of LDPE/TSSP blends were investigated with ENR 50 as compatibilizer. The compatibilizer improved the interfacial adhesion between LDPE and TSSP. Thus, the tensile strength and E b decreased with the increasing of TSSP. The addition of ENR 50 has improved the tensile strength. SEM micrographs of the tensile surface with comaptibilizer show the appearance of fibrils and agglomeration.
